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Introduction
Let X be a finite set of points and let /3 = {Bi: i E Z} be a family of-not necessarily distinct -subsets Bi -called blocks -of X. The pair (X, p) is called a design.
Balanced incomplete block design

Let Y 2 k s 2 and h be positive integers. A design (X, p) is called a balanced incomplete block design (BIBD) B[k, A;Y] if:
(i) IX] = v, (ii) the blocks are of size k, and (iii) every 2-set {x, y } c X is contained in exactly A. blocks of /3.
A well-known result states that necessary conditions for the existence of a BIBD B [k, h;v] are that h(v -1) = 0 (mod (k -1)) and hv(v -1) = 0 (mod k(k -1)).
For certain values of k and A the above necessary conditions are also sufficient. For instance, we shall use the following theorem. (ij IXI = y, (ii) {I&l: b, E /3} c K (the block-sizes are from K), (iii) every 2-set {x, y } c X is contained in exactly A blocks of 0.
We shall consider designs of the form (X, G, P) where X is a finite set of points, G is a partition of X to subsets called groups and P is a family of subsets of X called blocks.
Let m, k, A and Y be positive integers. A design (X, G, P) is a group divisible design GD[k, A, m;v] if:
(i) 1x1 = y, (iij IGil = m for every Gi E G, (iii) lBil = k for every Bj E P, (iv) lGi II B,I < 1 for every Gi E G and every Bj E P, (v) every 2-subset {x, y} c X such that x and y belong to distinct groups, is contained in exactly A blocks of P.
We shall use the following theorem. (ij 1x1 = y,
(ii) the blocks are of size k,
every 2-subset {x, y} c X is included in at most (respectively at least) A blocks.
Naturally, we are interested in packing designs having the maximum number of blocks and conversely, in covering designs having the minimum number of blocks. blocks of p, (vi) no pairset {x, y } c X' is included in any block of p.
Packing design with k = 4
The following theorem is the main result of this paper. In the case A. = l-after results of Schonheim [9] and Hanani-Brouwer 
, where i = 1, 2, . . . , n -1 and X' = Z(t). It is easily checked that the total number of blocks is (Av2 + aiv + a,)/k(k -1). 0 Lemma 2.2 (Mills [7] ). Let X be a set of order 4w + u where w = 0 or 1 (mod 4) and 0 < u < w. Then there exists a collection D of w2 + 5 subsets of X such that:
(i) the collection D covers all pairs of X exactly once.
(ii) D consists of w(w -u) sets of order 4, wu sets of order 5, four sets of order w and one set of order u.
Main result and its proof
We proceed to prove the following theorem. In order to prove Theorem 3.1 we divide it into several cases.
Y = 0 (mod 12)
In this case a(4, n;v) = Y(4, n;v). To prove that we need the following lemma. mutually dtijoint blocks B,,, B,, . . . , B,_ Proof. Without loss of generality we can label the points of the design so that Bi = { 12i, 12i + 3, 12i + 6, 12i + 9}, p = 12n, and the blocks Ci (0 c j < 4n), containing the point p are Ci = {12n, 3j, 3j + 1, 3j + 2). We now take another copy of the design with points labelled so that the blocks Dj (0 c j < 4n) containing the point 12n are given by Dj = { 12n, 3j + 1, 3j + 2, 3j + 3}, when j * 3 (mod 4) and Dj = {12n, 3j + 1, 3j + 2, 3j -9}, when j = 3 (mod 4). Now remove all the blocks Bi, C,, and Dj and replace them by blocks Ej (0 =s j < 4n) given by Ej = {3j, 3j + 1, 3j + 2, 3j + 3}, when j f 3 (mod 4) and Ej = {3j, 3j + 1, 3j + 2, 3j -9}, when j = 3 (mod 4). Note that all blocks containing the point p = 12n have been deleted, and the number of blocks in the new configuration is precisely q (4, 2;12n) . Cl to vand v+l to v-l. The above construction does not work for v = 6 and A = 4, hence for SD [4, 4, 6, 9] let X = Z6 then the required blocks are:
(%I, 3,5) (mod 6), (0,1,2,5)+2i, ieZ3. For SD [4, 5, 6 ,12], let X = Z6 then the required blocks are:
(0, 1,2,4) (mod 6) and (0, 1,2,5) (mod6). see [6] . Now by the comment given at the beginning of Section 3, the only cases necessary to complete the proof of Theorem 3.1 are (Y, A) = (9, 4), (9, 5) and (6, 9) . For Y = 9 and A = 4 let X = Z2 X Z4 U {a}, then the required blocks are: (-, 4) ).
For Y = 9 and A = 5 see [6] . For Y = 6 and L = 9 let X = Z4 U {a, b} then the blocks are: For v=9 and A=2 see [6] .
Corollary (Assaf [l] ). [4,3, Y, b] give the blocks of B [4,6;v] . 0
This finishes the proof of Theorem 3.1 and the complete solution of the announced problem.
